Monoclonal antibodies characterized as antifimbria and anti-HA-Ag2 were used in immunoblotting to examine the antigenic distribution of fimbriae and HA-Ag2 among a collection of human and animal Porphyromonas strains and human Prevotella and Bacteroides strains. The results showed that fimbrial and HA-Ag2 antigenic structures are peculiar to the species Porphyromonas gingivalis.
Several studies have implicated the black-pigmented gramnegative anaerobe Porphyromonas (Bacteroides) gingivalis in the pathogenesis of certain oral diseases, including periodontitis (27) , pulpal infections (8, 29) , and severe extraoral infections, including tonsil abscesses (2) . The first step in microbial colonization of oral surfaces involves the attachment of bacteria to the teeth or oral surfaces. P. gingivalis can attach to epithelial cells (11) and gingival fibroblasts (10) . The fimbriae and the hemagglutinating adhesin HA-Ag2 have been shown to mediate the adhesion of P. gingivalis ATCC 33277 to epithelial cells (7) . Fimbriae appear to be important in attachment of these bacteria to either cell type (30) . Ultrastructural studies of different strains of P. gingivalis have provided evidence of fimbria-like structures (24, 25, 27, 31) . More recently, it has been shown that fimbriae are distinct from the structure that causes hemagglutination but that the two form a complex (3) . In the present study, epitope conservation among human and animal strains of the genera Porphyromonas, Prevotella, and Bacteroides was evaluated by the use of three monoclonal antibodies (MAbs) previously characterized as being antifimbrial and anti-HA-Ag2 (3).
MATERIALS AND METHODS
Bacterial culture and bacterial membrane extracts. The strains used in this study are listed in Table 1 . The bacteria were grown in Todd-Hewitt medium supplemented with hemin (10 g/ml) and vitamin K 1 (1 g/ml) in an anaerobic atmosphere (80% N 2 , 10% H 2 , 10% CO 2 ) for 24 to 48 h. Glass bead-EDTA extracts (GBEs), containing all of the membrane surface antigens, were prepared according to the method of Parent et al. (26) . Briefly, the cells were harvested by centrifugation at 10,000 ϫ g and 4°C for 20 min and then subjected to attrition with glass beads (150 to 212 m in diameter) in buffer containing 50 mM Tris and 5 mM EDTA (final pH, 8.6) for 48 h at 4°C. The supernatant obtained after centrifugation at 10,000 ϫ g was referred to as the GBE. The protein contents of bacterial and eukaryotic extracts were measured by the bicinchoninic acid technique (19) .
Antifimbrial and anti-HA-Ag2 MAbs. MAbs were produced by using precipitates from crossed immunoelectrophoresis (7) . Briefly, proteins from epithelial cell membranes were incorporated into the first-dimension gel used to separate the surface antigens of P. gingivalis ATCC 33277. The migration of one immunoprecipitate was retarded, indicative of a ligand-receptor interaction. The immunoprecipitate was used for immunization of mice and the production of antiligand antibodies by the method of Deslauriers and Mouton (5) . The reactivity of the MAbs thus produced was tested by immunoblotting with membrane extracts of P. gingivalis ATCC 33277. Immunoblotting showed that the MAbs obtained reacted with polypeptides corresponding to fimbriae (42 kDa) and the hemagglutinating adhesin HA-Ag2 (43 and 49 kDa). These results were confirmed with two positive controls, i.e., an antifimbrial MAb and an anti-HA-Ag2 MAb produced separately (3, 5) .
SDS-PAGE and immunoblotting analysis. GBE (3 g per well) was subjected to a sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in the buffer system of Laemmli (16) in 12% acrylamide gels. It was then electrotransferred to a polyvinylidene difluoride membrane (Immobilon-P; Millipore Corp.) as described by Towbin et al. (28) . For immunochemical detection, all steps were performed at room temperature in Tris-buffered saline (TBS) with gentle orbital shaking. Membrane strips were blocked for 1 h in TBS containing 3% gelatin and then incubated overnight with culture supernatants from positive hybridomas (clones 9, 14, and 105), diluted 1:2 in TBS containing 0.1% bovine serum albumin, 0.1% gelatin, and 0.05% Tween 20 (TBT). They were then washed several times for 10 min each in TBS containing 0.05% Tween 20 and subsequently incubated for 1 h with biotin-conjugated anti-mouse immunoglobulins (Dako) diluted 1:3,000 in TBT. The strips were washed again and added to alkaline phosphatase-conjugated streptavidin (Dako) diluted 1:5,000 in TBT. After numerous washes in TBS-0.05% Tween 20, the alkaline phosphatase reaction was initiated by incubating the strips in buffer containing the chromogenic substrate nitroblue tetrazolium-5-bromo-4-chloro-3-indolylphosphate (Sigma). The reaction was stopped by washing the strips in distilled water.
RESULTS
To compare the sizes and possible antigenic heterogeneity of the 28-, 42-(fimbriae), and 49-kDa (hemagglutinating adhesin HA-Ag2) components, bacterial extracts from different strains of P. gingivalis and other anaerobic bacteria were subjected to SDS-PAGE and immunoblotting. Blots were incubated with supernatants from clones 9, 14, and 105 (3) (Fig. 1 and Table  2 ). Not all strains of the species P. gingivalis were recognized with equal intensity. Except for Bacteroides fragilis and Prevotella corporis, strains other than those of P. gingivalis were not recognized by the MAbs. To ensure that differences in blot staining intensity were due not to the amount or integrity of the antigen but rather to reactivity with MAbs, control gels were run concurrently for each species and silver stained (1) .
As a general rule, polypeptides of 42 and 49 kDa were identified among all of the human strains of P. gingivalis except for W50 and ATCC 49417. With respect to animal strains of P. gingivalis, for Jaguar 2 and T7, polypeptides of 28, 42, and 49 kDa were also detected by the MAbs. For the dog and cat strains, only a single band of 52 kDa was detected.
MAbs detected a high-molecular-weight band (around 100 kDa) in P. gingivalis ATCC 33277. A 70-kDa band was also detected in this strain.
DISCUSSION
Antigenic heterogeneity has been demonstrated in the amino-terminal sequence and in the size of fimbrillin from P. gingivalis (18) . There was no reaction between the antifimbrial antibody and strain W50, which has been described as having poor fimbrial structure (27) . Strain A7A1-28 gave a positive reaction. Strain W83 showed polypeptides corresponding to the 28-and 42-kDa fimbrial bands; these were not detected by Lee et al. (18) . The 100-kDa band detected for strain ATCC 33277 may be attributed to polymeric forms of fimbrillin which were not fully dissociated in this highly complex preparation (3, 9) . The 70-kDa band detected may correspond to the minor fimbriae (67 kDa) demonstrated by Hamada et al. (9) in the same strain. Our work requires additional experiments using antibodies against this 67-kDa fimbrial type.
Ogawa et al. (23) demonstrated immunochemically and by epitope mapping a new type of fimbria with a 72-kDa subunit (Pg-II fimbriae) in P. gingivalis OMZ 49. This band was not detected by the MAbs we produced, whereas a 41-kDa band of P. gingivalis 381 reacted weakly. The anti-Pg-II fimbria MAbs described by Ogawa et al. (23) do not recognize the 41-kDa subunit in P. gingivalis 381. Furthermore, no sequence homology was found between Pg-II fimbriae and the 50-kDa (33) and 53-kDa (15) proteins from P. gingivalis 381, the 51 kDa (12) and 67 kDa (15) proteins from P. gingivalis ATCC 33277, or the 55-kDa protein from Prevotella intermedia (20) .
Although the tested strains of P. gingivalis were not the same as those studied by Lee et al. (18), we did not observe much size variation in constituents reacting with antifimbrial MAbs. Sequencing of the N-terminal 20 amino acid residues of the fimbrillins from some of the P. gingivalis strains notably showed strain-to-strain conservation, with the exception of residues 4 to 6 (18). Overall, non-P. gingivalis strains showed no reaction with the three MAbs. Ogawa et al. (21) obtained the same result with MAbs and polyclonal antibodies raised against P. gingivalis 381 fimbriae for the species Prevotella intermedia, Porphyromonas endodontalis, and Porphyromonas asaccharolytica. The antigenic structures of P. gingivalis fimbriae are thus sequence specific. P. gingivalis fimbriae have a number of unique characteristics (32) when contrasted with Escherichia coli fimbriae (13) . E. coli fimbriae (P pili) are formed by polymerization of the major structural subunit, PapA, which forms the backbone of the fimbrial filament, and several minor subunits (PapH, PapE, PapF, PapK, and PapC), of which there are one to several copies per filament. The distal extremity of the fimbria is composed of repetitive PapE subunits. The PapG protein is the specific adhesin localized at the distal extremity of the fibrillum (the adhesive tip) (13) . The structural organization of P. gingivalis fimbriae has not been intensively studied. P. gingivalis fimbriae are individual filaments of the fine type of polymerized fimbrillin (42 kDa). Up to now a single type of fimbria was reported for P. gingivalis (32) . No structural organization of the type seen in E. coli fimbriae has been demonstrated. However, binding sites on fimbrillin have been identified. These sites are responsible for both hemagglutination (6) and adherence of P. gingivalis to human gingival fibroblasts (22) .
All of these results confirm the existence of several fimbrial types or of a fimbrial structure or conformation which varies from one bacterial species to another. Analysis of the distribution of HA-Ag2 (detection of a 49-kDa band) showed a distinction between human and animal strains. With the exception of strain Jaguar 2, which is known to have strong hemagglutinating activity (17) , and strain T7, which was isolated from a monkey but is known to have the genotype and phenotype of a human strain, (14) , the animal strains of P. gingivalis tested showed size heterogeneity compared with the human strains. However, the possibility that hemagglutinating adhesin HA-Ag2 may have an antigen common to human and animal strains of P. gingivalis cannot be excluded (4) . Overall, as noted for fimbriae, HA-Ag2 appears to be a characteristic structure of P. gingivalis, one not possessed by nonhemagglutinating species.
In summary, fimbriae and the hemagglutinating adhesin HA-Ag2 are widely distributed among strains of P. gingivalis, as revealed by immunochemical studies. As a general rule, no significant immunological cross-reactions with other black-pigmented bacterial species were found. This variation in antigenicity could be important in modulating the response to fimbriae from the other organisms.
